Background: The variability of progression of multiple sclerosis (MS) suggests that MS is a heterogeneous entity. Objective: The objective of this article is to determine whether sickness absence (SA) and disability pension (DP) could be used to identify groups of patients with different progression courses. Methods: We analyzed mean-annual net months of SA/DP, five years prior to MS diagnosis, until the year of diagnosis, and five years after for 3543 individuals diagnosed 20032006, by modeling trajectory subgroups. Results: Five different groups were identified, revealing substantial heterogeneity among MS patients. Before diagnosis, 74% had a flat trajectory, while the remaining had a sharply increasing degree of SA/DP. After diagnosis, 95% had a flat or marginally increasing trajectory, although at various SA/disability pension (DP) levels, whereas a small group of 5% had decreasing SA/DP. A majority had few or no SA/DP months throughout the 11-year study period. Higher age and a lower educational level were associated with an unfavorable trajectory (p values <0.01). Conclusions: There's a considerable heterogeneity of MS progression in terms of SA/DP. Compared with other measures of disability, sickness-absence and disability pension offer a continuous variable that can be assigned to every individual for each time period without missing data. To what extent the SA/DP measure reflects classical MS outcome-measures as well as how correlated it is with comorbidities and working-conditions needs to be investigated further.
Introduction
Multiple sclerosis (MS) is a chronic disease affecting the central nervous system. It is characterized by a heterogeneous course and generally affects younger individuals in their prime of working life. 1, 2 Common clinical features are fatigue, pain, depression, physical disability, and cognitive impairment, all of which may be highly disabling. 37 Although the disease does not dramatically reduce life expectancy, individuals with MS often experience deterioration in functional status and a significant decrease in the ability to remain in the work force. 1, 8 Also, sickness absence (SA) and disability pension (DP) are highly elevated among MS patients. 2, 911 However, little is known about to what extent the patients were on SA/DP before diagnosis, and if there were different SA/DP patterns. The same goes for possible patterns of how SA/DP develops after diagnosis and whether distinct types of trajectories of SA/DP can be identified and how such patterns before and after diagnosis might be related.
The heterogeneity of MS progression is well known, ranging from rapidly disabling to more benign relapsingremitting courses (RRMS) 7 to insidiously progressing worsening with or without a preceding relapsing phase. The frequency and severity of relapses may vary widely. Negative clinical prognostic factors, in the shorter or longer term, are: short inter-relapse interval, high relapse rate, the shift to the secondary progressive phase, high disability during the first years, and age of onset. 1215 However, these factors have a fairly limited value in providing a reliable prognosis for an individual.
Most studies on issues associated with the development of MS have, however, employed the Expanded Disability Status Scale (EDSS) as an outcome measure, thus focusing on physical functions, and among them on motor function, which dominates the EDSS. 13, 17, 18 With fewer physical demands in modern work life, EDSS may have a gradually more limited value for predicting the individuals' work capacity for which other consequences of MS such as fatigue or cognitive disabilities may be more important. 18, 19 The aims of this study were to: identify and describe different types of trajectories of SA/DP among MS patients over an 11-year period, from five years before MS diagnosis until five years after diagnosis; characterize the trajectory groups with regard to socio-demographics and prior SA/DP; and explore to what extent socio-demographics and prior SA/ DP can predict MS patients' SA/DP trajectories. Thus, we aspired to use information on SA/DP to capture MS patients' overall disease-induced work incapacity, both as an MS outcome measure and for its own relevance. In the Swedish universal social security system almost all residents of working ages are eligible for SA benefits and all are eligible for DP benefits, making Sweden a particularly suitable setting for studying how work incapacity among MS patients develops and diverges over time. Information from other nationwide registers was obtained through data-linkage using the unique personal identity number assigned to all residents in Sweden.
Materials and methods

Study population
A relative annual time scale was introduced where T 0 represents the year of MS diagnosis. T À5 refers to five years prior to diagnosis, while T þ5 refers to five years after diagnosis. This 11-year period was then divided into two periods in order to explore how SA/DP trajectories in the pre-diagnosis period (T À5 T 0 ) predicted SA/DP trajectories in the postdiagnosis period (T þ1 T þ5 ). 20 in the following three categories: larger cities (H1H2), medium-sized municipalities (H3H4), or smaller municipalities (H5H6)); geographical region (categorized in accordance with Eurostat's Nomenclature of Territorial Units for Statistics (NUTS-level 1) as east, south, north Sweden); living with children (<18 years of age) (yes/no); cohabiting with partner (yes/no); and educational level (high school or less, university education). For the first time period (T À5 T 0 ), days on SA/DP six years prior to diagnosis were used to classify levels of previous SA/DP (0, 139 (<median, of those with >0 SA/DP days), >39 days). In the second period (T þ1 T þ5 ), we used the variable of estimated trajectory group belonging from the analysis of the first time-period as a covariate. The variable ''Year of MS diagnosis'' was included as covariate in all models to adjust for potentially influential temporal variations that might have occurred in the Swedish social insurance system or labor market during the study period.
Explanatory variables
Sickness insurance in Sweden
All residents in Sweden aged 1664 with income from work or unemployment benefits are covered by the same public sickness insurance, providing sick-leave benefits to people with reduced work capacity due to disease or injury. Sick pay is in most cases among employed individuals paid by the employer during the first 14 sick-leave days. All residents can be granted DP if the work incapacity is predicted to be permanent. Both SA and DP can be granted for part time, that is, if granted partial DP, you can on and off have part-time SA at the same time, which is frequently the case with MS patients.
Outcome
Information on number of days/years with SA and DP with benefit from the Social Insurance Agency Multiple Sclerosis Journal-Experimental, Translational and Clinical was obtained from the LISA-register. Annual number of net days with SA and DP were calculated, e.g. two days of half-time SA or DP constituted one net day. Then these annual net days were transformed into months where 14 to 30 days were rounded to one month and less than 14 was rounded to 0 month. Days exceeding one month was rounded down to the closest full month.
Statistical analyses
The calculated number of months on SA/DP was analyzed during a total time period of 11 years, five years prior to MS diagnosis through five years after diagnosis. First we describe the average number of months on SA/DP at three time points: five years prior to diagnosis, the year of diagnosis, and five years after diagnosis.
Secondly, we used semi-parametric group-based trajectory modeling to estimate developmental trajectories of SA/DP among MS patients (SAS procedure Traj 21 ), separately for the two studied time periods. This procedure models the patterns of change over time in multiple subgroups within a population and estimates a regression model for each discrete group. Group member probabilities are estimated, using a multinomial logit function. We started by identifying the model with the optimal number of subgroups by estimating models with two to six subgroups using the zero-inflated Poisson distribution (ZIP). 22 The models for the two time-periods that best fit the data were determined by the Bayesian information criterion (BIC). 23 The lowest BIC value (closest to zero) indicates the model that best fits the data.
Thirdly, socio-demographic compositions of the trajectory groups were calculated with descriptive statistics. Thereafter, the effect of each explanatory variable was separately examined with regard to trajectory group belonging, using three complementary statistical procedures: 1) Pearson's X 2 was performed to assess whether the socio-demographic composition and previous SA/DP differed between trajectory groups; 2) to assess whether socio-demographic factors and previous SA/DP were associated with trajectory group, log-likelihood tests were conducted; 3) to gain insight of the socio-demographic factors' and prior SA/DP's explanatory power, differences in Nagelkerke-R 2 were calculated, i.e. obtained by comparing Nagelkerke R 2 (hereafter ''diff R 2 '') between models where the examined factor was included vs. excluded. Two sets of multivariate multinomial regression models were tested; one in which the SA/DP history variable was omitted (Model 1) and one where it was included (Model 2). Diff R 2 is used to compare two separately estimated models. Here, one of the models was nested within the other, i.e. we had one full model (including all covariates) and one restricted where the covariate of interest, prior SA/ DP, was omitted. The value of diff R 2 can be interpreted as a measure of increased explained variances, by adding one variable to the model; the higher the R 2 , the higher the explained variance.
Ethics approval
The study was approved by the Regional Ethical Review Board in Stockholm, Sweden.
Results
In our cohort of 3543 MS patients, 70.1% were female (Table 1) . Forty percent were in the oldest age span (4559) and 36.9% had a university education at the time of diagnosis. It was slightly more common to be cohabiting (53.7%) and living with children (51.9%). Not surprisingly, the average number of months on SA/DP increased with time in all groups and was lowest five years prior to diagnosis. Also, SA/DP was more common among women than among men at all three time points (T À5 , T 0 , T þ5 ). As expected, higher age also showed higher levels of SA/DP at every time point. MS patients living in the north of Sweden had more SA/DP months as did MS patients with a lower educational level. Cohabiting as well as living with children was associated with fewer SA/DP months.
The estimated BIC values suggested five groups in both of the time periods (Figure 1 ). Proc Traj provides individual fit estimates, i.e. probabilities that each individual belongs to the trajectory groups. Côté et al. recommend that the average probability for members of a trajectory group should be !0.70.
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All identified groups had averages above 0.90 during each respective time period, indicating a very good fit. The five trajectory groups clearly display the heterogeneity of MS progression with regard to SA/DP (Figures 2 and 3) . Some (14.8%) had a high level of SA/DP already five years prior to MS diagnosis, but the majority had few or no SA/DP months through all 11 years. In the pre-diagnosis period, about 74% of the MS patients had fairly flat trajectories; of these 70% were classified as having few annual net months on SA/DP, while the remaining 26% were classified as having a sharp increase of SA/DP. In the second period (T þ1 T þ5 ), 95% were classified as belonging to a group with flat or a marginally increasing trajectory, at various SA/DP levels. The remaining 5% had a decreasing trajectory. Table 2 shows that socio-demographics were fairly similarly distributed between the trajectory groups in both time periods, with the exceptions that older individuals and individuals with a lower educational level were notably overrepresented in the ''Constant high'' group and underrepresented in the ''Constant low'' group. Still, all socio-demographic factors, except country of birth (pre-diagnosis period) and cohabiting status (both periods), were in the unadjusted analyses significantly associated with SA/DP trajectory (p < 0.01). However, prior SA/DP was in these unadjusted analyses strongly associated with trajectory-group belonging (i.e. pre-diagnosis period: degree of freedom (df) 8, X 2 ¼ 2200.7. Post-diagnosis period: df 16, X 2 ¼ 2045.0).
In Table 3 , the multivariate analyses for the pre-and post-diagnosis periods are shown. When omitting earlier SA/DP as a covariate in the pre-diagnosis period (Model 1(a)), only age markedly improved the explanatory power of the model (diff R 2 ¼ 0.11). This explanatory power diminished substantially when entering previous SA/DP as a covariate. Previous SA/DP (Model 2(a)) improved the fit of were marginal. For the post-diagnosis period the difference in pseudo R 2 for previous SA/DP trajectory was as high as 0.35 (Model 2(b) ). For the sociodemographic factors, the diff R 2 measure (Model 2(b)) once again suggested a marginal effect. Still, sex, age, educational level, and country of birth significantly predicted type of SA/DP trajectory (p < 0.01).
Discussion
Studying a sizable population-based cohort of patients diagnosed with MS from five years before to five years after the year of diagnosis, we have identified risk factors for SA/DP as well as found evidence for a heterogeneity in the progression of MS, potentially indicating meaningful subgroups within the MS entity. Thus, some patients already had a high level of SA/DP five years prior to MS diagnosis, whereas the majority had few or no SA/ DP months through all 11 years studied. Although the trajectory groups had a fairly similar socio-demographic profile, individuals with higher education were underrepresented in the trajectory group with most SA/DP months whereas older MS patients were more likely to have a constant high level of SA/DP. In fact, most of the included socio-demographic factors were statistically associated with trajectory group belonging in both time periods, i.e. both before and after MS diagnosis. Nonetheless, we found that socio-demographic factors themselves poorly predicted MS patients' type of SA/DP trajectory, with the possible exception of age, which had some predictive power. Previous SA/DP was, however, strongly associated with SA/DP trajectories. Hence, SA/DP trajectories before diagnosis can be a valuable indicator of disease progression, in terms of work incapacity, following MS diagnosis. Previous SA/DP is also known to be a predictor of later SA/DP in general. 25 Thus we wanted to examine if that was also the case in this setting. We chose, however, to present one model with and one model without previous SA/DP.
To the best of our knowledge, this is the first study of trajectories of SA/DP in MS patients, and possibly one of the first studies of any types of trajectory groups in MS patients. The difference in SA/DP trajectories found in this study are well in line with the established fact that the spectrum of MS severities is very broad, especially early in the disease course. 26, 27 For the majority of MS patients, the disease begins with a relapsing course (RRMS), later followed by a progressive phase (secondary progressive, SPMS). In some patients, the relapsing phase is missed and the disease is progressive from the onset (primary progressive, PPMS). 26 As the data sources of our study did not include clinical data, it was not possible to test to which extent the disease trajectories correlated with the SA/DP trajectories. It is tempting to speculate that PPMS patients were enriched in the rather small trajectory group ''Increasing high'' (7.4%) in the pre-diagnosis period, where a steep increase was observed from almost no SA/DP months at T À5 to more than nine months at T 0 . The relatively higher age of patients in this group would support that notion.
Our results further indicate that prediction of MS patients' belonging to specific SA/DP trajectories would be possible by using information about previous SA/DP, regardless of which diagnoses these benefits were granted for. When taking previous SA/DP into account, noteworthy results were that both age and educational level had a very marginal influence on how SA/DP develops over time. This can be interpreted as the influence of age and education on SA/DP trajectory mainly is attributable to the fact that both these factors are highly correlated with health and functional status. Comorbidities have, furthermore, been reported to be highly prevalent among MS patients. 11 In particular mental disorders, which together with musculoskeletal disorders are the most common reasons for SA or DP in the general population, 28 are elevated among MS patients. In addition, it has been shown that MS patients with musculoskeletal or mental disorders have a higher risk for DP. 11 Comorbidity among MS patients may either be a risk factor for a worse trajectory in itself, or may interact synergistically with MS in producing the same consequences. Comorbidity may thus contribute to why older individuals and those with a lower educational level often have a less-favorable SA/DP trajectory.
It could also be argued that the weak association between education and SA/DP trajectory that, nonetheless, still remained after adjusting for previous SA/DP is a consequence of the fact that individuals with a lower educational level more often have more physically demanding and/or inflexible work environments that may be particularly hard to sustain with a disease like MS.
Our present study adds to this knowledge in analyzing the diversity of SA/DP during the years before and after diagnosis.
The strengths of this study are the population-based cohort design, based on the total population aged 2259 years in the entire country of Sweden, equaling 3543 MS patients. Another strength is that data on MS diagnosis, SA/DP, and all covariates were obtained from nationwide registers, which represent highly reliable sources. 29 Thereby, there were no loss to follow-up, data are not subjected to self-reporting bias, and misclassification is very uncommon. All probabilities of belonging to the selected trajectory groups were above 0.9, indicating a very good fit, 24 i.e. that we could identify reliable trajectories.
However, this study also has limitations. We assumed that the year of MS diagnosis was the same as the year when the individual first was identified with an MS diagnosis in the in-or outpatient registers. Individuals who have not been hospitalized or received specialized care with a recorded MS diagnosis for a number of preceding years are thus misclassified with regard to year of diagnosis. However, such misclassifications are likely to be few given that most MS patients visit their neurologist on a regular annual basis. It should also be emphasized that MS onset usually precedes MS diagnosis by a couple of years and that analyses performed during year of onset may render different results.
Residual confounding might also be a problem. As previous research has shown disability status (EDSS) 
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Previous SA/DP www.sagepub.com/msjetcto be highly relevant for SA and DP, such associations should be included in future studies. 30 Previous studies have shown high rates of SA/DP among MS patients. 11, 25 This study deepens the analysis; it is the first study to estimate developmental trajectories of SA/DP around the year of diagnosis indicating a considerable heterogeneous pattern of SA/DP trajectories among MS patients. On a positive note, our results show that a majority of MS patients have no, or a low level, of SA/DP, even five years after diagnosis. Further, prediction of SA/DP in MS patients seems to some extent possible even before MS diagnosis. This highlights the value of using additional non-MS-specific health-related data to improve prediction of the development of MS patients' SA/DP trajectories. Further studies are needed to investigate to what extent the observed heterogeneity of SA/DP trajectories is attributable to (and/or can be predicted by) working conditions, comorbidity, MS treatment, and clinical MS-specific factors. Maybe even more important, it will be very interesting to investigate to what extent the trajectory groups differ in clinical terms and how they relate to similar groups obtained using EDSS in identifying clinically and even patho-genetically relevant subgroups within the MS entity.
